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Disturbed vasomotion in chronic venous
insufficiency
Markus Stu¨cker, MD, Jana Steinbru¨gge, MD, Ulrike Memmel, MD, Annelies Avermaete, MD, and Peter
Altmeyer, MD, Bochum, Germany
Background: Vasomotion is the slow rhythmic contraction of the smooth muscles of arterioles, metarterioles, and
precapillary sphincters. It improves rheologic function of capillary blood flow and guarantees cellular nutrition and
oxygen supply. Oxygen supply to the skin by blood can be quantified by measuring oxyhemoglobin concentration and
hemoglobin oxygen saturation.
Material and Methods: We examined the consequences of disturbed vasomotion in 51 patients with chronic venous
insufficiency (CVI) and 36 healthy control subjects. With the subjects supine as well as during orthostasis, intracutaneous
changes in concentration of total hemoglobin and oxyhemoglobin and in oxygen saturation of hemoglobin were
measured over 120 seconds with reflection spectrophotometry. Periodic variations in measured parameters were analyzed
with modified digital Fourier transformation.
Results: In the supine position both groups demonstrated the same vasomotion frequency. During orthostasis, vasomo-
tion frequency in patients with CVI decreased significantly, from 7.4  2.2 cpm to 5.4  2.5 cpm, whereas vasomotion
frequency in control subjects increased significantly, from 4.5 1.6 cpm to 8.8 2.5 cpm. Correspondingly, hemoglobin
saturation and oxyhemoglobin concentration in patients with CVI patients exhibited a significantly stronger decrease
compared with that in control subjects.
Conclusion: The failing increase in vasomotion frequency during standing leads to longer dilation of the distal vessels per
time unit, with increase in hematocrit. This might favor formation of microthrombi in the capillaries and further
perimalleolar tissue damage in CVI. (J Vasc Surg 2003;38:522-7.)
Vasomotion is the spontaneous, slow rhythmic con-
traction of smooth muscle fibers of arterioles, metarterioles,
and precapillary sphincters.1 Vasomotion is of great impor-
tance for many determinants of microcirculatory hemody-
namics, eg, velocity of blood flow, volume of blood flow,
hematocrit, local fluidity, local intravascular pressure, and
transcapillary fluid exchange. The vasomotor activity im-
proves rheologic function of blood in the capillaries, guar-
anteeing adequate oxygen and nutrition supply to tissue.2
Whereas some authors confirm that pathologic vasomotion
is seen more frequently in patients with chronic venous
insufficiency (CVI), other investigators could not discover
a pathologic vasomotion pattern.3,4
Reflection spectrophotometry enables measurement of
the intracutaneous course of total hemoglobin concentra-
tion and oxyhemoglobin concentration, and hemoglobin
saturation.5 In contrast to measurement of transcutaneous
oxygen pressure (tcPO2), with reflection spectrophotome-
try heating of the skin, with loss of vasomotion, is not
necessary. Furthermore, tcPO2 quantifies mainly oxygen
diffusion through the epidermis, which is too slow for
detection of vasomotion waves. Laser Doppler flowmetry
can quantify high dynamic changes in blood flow, but the
signal is mainly influenced by thermoregulative rather than
nutritive blood flow, whereas reflection spectrophotometry
directly measures oxygen supply of the skin.
We examined the rhythmic alterations of dermal hemo-
globin saturation, oxyhemoglobin, and total hemoglobin
concentration with reflection spectrometry in patients dur-
ing rest and orthostasis, and compared the findings with
those in healthy control subjects.
PATIENTS AND METHODS
Patients. Fifty-one patients with CVI (20 men, 31
women; mean age, 55.6  11.8 years) were examined at
rest. Twelve patients had CVI without skin lesions (C2), 10
patients had hyperpigmentation (C4a), 7 patients had lipo-
dermatosclerosis (C4b), 9 patients had atrophy blanche
(C4b), and 13 patients had florid venous ulcer (C6). There
were no significant differences between groups with regard
to age and reflux in superficial, perforator, and deep veins.
In 15 of the patients with CVI (6 men, 9 women; mean age,
53.5  12.4 years) an additional orthostatic function test
was performed. Six of these patients had no skin lesions
(C2), 2 patients had hyperpigmentation (C4a), 2 patients
had dermatosclerosis (C4b), 1 patient had white atrophy
(C4b), and 4 patients had an open venous ulcer (C6). The
diagnosis of CVI was made with Doppler and duplex
sonography and photoplethysmography.
Exclusion criteria were peripheral arterial occlusive dis-
ease, diabetes mellitus, arterial hypertension, generalized or
local skin disease, severe organic disease, and vasoactive
medication.
The control group consisted of 36 subjects (19 men, 17
women; mean age, 52.2  11.8 years). An additional
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orthostatic function test was performed in 9 subjects (3
men, 6 women; mean age, 49.8  13.6 years). Exclusion
criteria were the same as for the CVI group, plus CVI and
smoking.
For 12 hours before and during measurement, use of
alcohol, nicotine, coffee, caffeinated beverages, and tea was
absolutely restricted. All patients and control subjects gave
informed consent before inclusion in the study.
Methods. With a reflection spectrophotometer
(MULTISCAN OS 10; NIOS GmbH, Wuppertal, Germa-
ny), oxygen saturation of hemoglobin (%), concentration
of oxygenated hemoglobin (mg/mL) and hemoglobin
(mg/mL) were examined noninvasively. Analysis of rhyth-
mic variation (Fig 1) over time for all three parameters was
performed with a specially developed modified digital Fou-
rier transformation.
Examination was performed under constant tempera-
ture (22°C 0.5°C) and relative air humidity (60% 5%).
Resting measurements were obtained before noon and by
the same examiner, after a 20-minute acclimatization pe-
riod, with the subjects lying comfortably supine. Points of
measurement were the calf, 1 cm above the medial malle-
olus, and 1 cm above the lateral malleolus. Duration of
measurement was at least 120 seconds at each measuring
point.
Immediately after measurement at rest, the subjects
stood up. The parameters were measured again at the
marked point at the medial malleolus for 240 seconds.
Subjects lied supine again, and measurements were taken at
the marked area for 240 seconds.
To exclude differences in hemoglobin saturation be-
tween patients and control subjects, capillary blood gas
analysis was performed in 51 patients with CVI and 22
control subjects.
Statistical analysis. Analysis of differences between
measured parameters in patients and control subjects at rest
and during orthostasis was performed with the Wilcoxon
signed rank test for two independent random samples
(SPSS for Windows; SPSS Inc, Chicago, Ill) and also with
the Kruskal-Wallis test and the Friedmann test. To analyze
the behavior of frequency, the t test for uncombined ran-
dom samples, the Wilcoxon signed rank test for combined
random samples bilaterally, and the Friedman test were
used. P  .05 was considered statistically significant.
RESULTS
Resting measurements. At rest, patients with CVI
and control subjects exhibited no significant difference in
concentratios of hemoglobin and oxyhemoglobin. Hemo-
globin oxygen saturation demonstrated periodic variation,
with frequency not significantly different between patients
with CVI and control subjects. Measurement (mean SD)
at the medial malleolus was 7.0  4.4 cpm in the CVI
group versus 8.5  2.3 cpm in the control group; at the
lateral malleolus, 6.4 2.5 cpm versus 8.7 1.9 cpm; and
at the calf, 6.2  1.9 cpm versus 6.1  2.6 cpm.
Orthostatic measurements. During orthostasis, total
hemoglobin concentration increased significantly in both
patients with CVI and control subjects (P  .0023, Fried-
mann test; Fig 2). The increase was the same in both groups
(P  .4208, Wilcoxon test). Oxyhemoglobin concentra-
tion in the CVI group was higher than in the control group
before and after orthostasis (Fig 3). During orthostasis it
diminished significantly more in the patient group than in
the control group, and reached values less than those in the
control group (P  .0185, Wilcoxon test; Fig 3). The
differences in effects of orthostasis were demonstrated also
for hemoglobin saturation (P  .0458; Fig 4). During
orthostasis, the differences were not significant (Figs 3, 4).
All measurements of hemoglobin saturation were ana-
lyzed and interpreted with digital Fourier transformation.
In control subjects, during orthostasis the frequency of
periodic vasomotion increased from 4.5  1.6 cpm to 8.8
Fig 1. Reflection spectrophotometry. Typical rhythmic variation in oxygen saturation.
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 2.5 cpm, and after orthostasis it decreased to 6.0  2.1
cpm (P  .001, Friedman test; Fig 5).
In 12 of 15 patients with CVI, frequency for oxygen
saturation curves was analyzed before, during, and after
orthostatic stress; in the other 3 patients this frequency
could not be analyzed. In contrast to control subjects, in
patients with CVI the frequency during orthostatic ten-
sion did not rise; moreover, a significant reduction in fre-
quency was noted, from 7.4 2.2 cpm before orthostasis to
5.4  2.5 cpm during orthostasis and 7.0  2.6 cpm after
orthostasis (P  .0052, Friedman test; Fig 6). There was a
correlation between vasomotion frequency and oxyhemoglo-
bin concentration (r 0.6) and hemoglobin saturation (r
0.7). Frequency in the control and CVI groups differed sig-
nificantly during standing (P .008).
Capillary blood gas analysis. Oxygen saturation of
hemoglobin exhibited no differences between control sub-
jects and patients with CVI, 96.7% 1.4% versus 96.4%
1.9%, respectively.
DISCUSSION
The calf muscle pump has a vital role in returning
venous blood against gravity from the lower limbs in the
erect individual. Postthrombotic syndrome and primary
varicosity can impede or negate the function of this pump
Fig 3. Oxyhemoglobin concentration before, during, and after orthostasis (mean  SD). Oxyhemoglobin concen-
tration is decreased significantly in patients but significantly increased in control subjects.
Fig 2. Hemoglobin concentration before, during, and after orthostasis (mean  SD).
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and lead to alteration in venous hemodynamics. This may
result in inability to reduce the venous pressure that is
achieved with normal calf pump function. This leads to
increased pressure at the venous end of the capillary and the
venule, causing enlargement of the venous vessels and
subsequent higher blood volume. The cutaneous microcir-
culation may be the connecting link between changes in
venous vasculature and cutaneous manifestations. The pre-
cise mechanisms causing skin lesions are not known, but a
number of theories have been put forward regarding cuta-
neous microcirculation in CVI.6
During orthostasis, perfusion pressure in the lower
extremities is elevated and the volume of cutaneous blood
flow in the leg increases. Thus, below the medial malleolus
increased total hemoglobin concentration is noted at re-
flection spectrophotometry. In patients with CVI, total
Fig 4. Hemoglobin saturation before, during, and after orthostasis (mean SD). Hemoglobin saturation is decreased
more in patients with CVI compared with control subjects.
Fig 5. Rhythmic variation in oxygen saturation in control subjects. During orthostasis, frequency is significantly
increased.
Fig 6. Rhythmic variation in oxygen saturation in patients with CVI. During orthostasis, frequency is significantly
decreased.
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hemoglobin concentration during standing was higher
than in control subjects. However, in these patients total
hemoglobin concentration was already higher at the malle-
olus before exercise. The relative increase in total hemoglo-
bin concentration was the same in patients and in control
subjects. In contrast, the reaction pattern of hemoglobin
saturation and oxyhemoglobin concentration was signifi-
cantly different between patients and control subjects. In
control subjects, hemoglobin saturation decreased only
minimally and oxyhemoglobin concentration increased
slightly during orthostasis. In patients with CVI, however,
there was a significant decrease in oxyhemoglobin concen-
tration and hemoglobin. However, during standing, mean
values for these parameters were almost the same in the
control and patient groups. The important finding is the
decrease in oxyhemoglobin concentration, not in the abso-
lute values. Vasomotion frequency increased significantly in
control subjects, but decreased significantly in patients with
CVI. In our opinion, this is indicative of the functional
relevance of disturbed vasomotion in CVI. The slower
velocity of blood flow in dilated vessels leads to increased
exchange time with neighboring tissue. This might explain
the extreme decrease in the hemoglobin saturation during
orthostasis in patients with CVI.
It remains unclear whether there is a difference in
absolute oxygen supply and oxygen needs of perimalleolar
tissue in patients with CVI compared with control subjects
during rest and orthostasis. The results of tcPO2 determi-
nation in patients with CVI are contradictory. Whereas
some authors proved a significant reduction in tcPO2,
7-9
others noted no change10 or increased tcPO2.
11 At rest,
local oxygen content in the skin in patients with CVI was
not decreased, and cutaneous oxygen consumption in con-
trol subjects was not significantly different from that in
patients with CVI.12
Disturbances of vasomotion in CVI can also be dem-
onstrated with laser Doppler fluxmetry. Heating the skin to
43°C significantly increased vasomotion frequency in the
control group but not in patients with lipodermatosclero-
sis. After heating, frequency of vasomotion waves was sig-
nificantly lower in the lipodermatosclerosis group com-
pared with the control group.13 Vasomotor activity does
not increase in patients with CVI in a common situation
such as orthostasis. What is the source of vasomotion?
Tissue metabolism seems to influence local perfusion.14
Local pacemakers have been discussed as the source of
vasomotion.15,16 Another hypothesis is that rhythmic vari-
ation in venous adenosine triphosphate concentration leads
to decreased calcium influx in the smooth musculature.17
Older studies suggest that the venous sympathetic nervous
system is not relevant for coordination of vasomotion.18
More recent investigations, however, show that vasomo-
tion is regulated by the nervous system and that local
modulation is possible.19
Cause-and-effect relationships between disturbed vaso-
motion and perimalleolar tissue damage remain to be clar-
ified. On the one hand, failure of vasomotion frequency to
adapt during orthostasis could be explained by neural dys-
function in the damaged tissue in CVI.20 On the other
hand, failure of frequency to increase during standing leads
to longer dilation of the distal vessels per time unit, with an
increase in hematocrit.2 This might favor development of
microthrombi in the capillaries and further tissue dam-
age.21,22 In healthy persons the cutaneous vasculature re-
acts to increased pressure during orthostasis with an in-
crease in vasomotor frequency. Consequently, damage to
the small vessels and fine nerve endings, as seen in
CVI,7,10,11,21,23-26 might be inhibited. The data suggest
that disturbed vasomotion has a distinctive role in patho-
genesis of skin lesions in CVI.
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